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Effect of High Altitude Wind Field on Stage Separation of an Aircr aft

YU Feng', ZHAO Zhi-bo?, LIU Wen-yi*
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ABSTRACT: The work aims to research the effect of wind field at high altitude on the stage separation of aircraft during flying.
A stage separation model of aircraft was established. The sway distance of the lower stage and the gaps of two key points of air-
craft after its stage separation were smulated. The sway distance of the lower stage and the gaps of two key points of aircraft all
met the design conditions and requirements when the minimum wind speed and the simulated one were respectively 34 m/s and
40 m/s. Therefore, the minimum wind speed for flying could be relaxed to 40 m/s. When the maximum wind speed was 45 m/s,
the sway distance and the gaps above all exceeded the design values, so the stage separation would be affected by it. It proves
that the stage separation of aircraft will be affected by high atitude wind in some way, and the sway distance of the lower stage
and the gaps of two key points of aircraft will be increased with the increase of high altitude wind speed.
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Fig.3 The sway distance of the lower stage at different wind speeds
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Fig.5 The distance of key gap 2 at different wind speeds
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Tab.2 The relationship among the increased wind speed, sway distance of the lower stage and gaps of two key points

wind The sway distance of Maximum Gap of key Minimum Gap of key Minimum

speed/(m-st)  the lower stage/mm  design valuessmm  points /mm  design values'mm points 2/mm design values/mm

27 22 31 80 70.5 193 152

30 28 31 77 70.5 186 152

34 29 31 74 70.5 182 152

38 31 31 70 70.5 170 152

40 32 31 71 70.5 151 152

45 34 31 70 70.5 154 152
4 g:él:i/b\ National Ocean and Atmosphere Bureau of America, Na-

T WESE R A KX AT R R AT ] o B Y
SO, BN T AT AR, (TR T TR
BT TR ) A5 A 5 R T 1 S 7 = ] g ] ot
LI E.

1) =28 KOG B TR 112053 BS A7 AE— 38 5],
Bifi o e 2 RGO B8, T TR AR R Bl 2 38, A
fi 5y p, 22 8] () 1] B Bl 2 /), 23X 2 ] 43 25 FN %A T
IEH RATH R

2) TR AT S5 2 Kk 34 m/s iF, T 2k
B FE SR 29 mm, B/ SCEE I PR 4350 73 mm Al
182 mm, i B4

3) I K 40 m/s Z5F T, AR IR & |
PR SR A (R B 40 A TR, IR iAIG RAT 4%
Rl TCvE 2 40 mis,

4) FEFE R KGE 45 mis Sc1F T, s B 1
J/NZE 63 mm, SEEEAIPE 2 /N E 140 mm, XA
(I BRI /)N, A AT RE X KA T A P ] 43 B RN IE H AT
T IR

SE -

(11 ZE9, kL, #EMS. 100 km DUR X0 i g s
IR IMITSE[]. £ 1254, 2006, 28(10): 1170-1173.
LI Chen-ming, ZHANG Wei, HAN Zi-peng. Effect of
Wind Field at High Altitude Under 100 km on Long-range
Shells and Rockets[J]. Acta Armamentarn, 2006, 28(10):
1170-1173.

[2] KELLY JM, PIETER G B, BANDU N P, et a. Overview
of TRANSONIC to Hypersonic Stage Separation Tool
Development for Multi Stage to Orbit Conceptg[R]. AIAA
2004-2595, 2004.

81  EEEREFEMRAR . FEZNT R 2 2505 Ax
WERR(CER 1976)[M]. dbat: Blagih i, 1982.

tional Space Navigation Bureau and America Air Force
Office. Standard Atmosphere(US,1976)[M]. Beijing: Sci-
ence Pros,1982.

[4 Sl B, dEH#IX 20~80 km 7S KUY — Ly
fiEL]. 25 [alkaf2z4, 1999, 19(4): 334-341.

MA Rui-ping, LIAO Huai-zhe. The Characteristics of
Winds at Height of 20~80 km in the Chinese Area]J].
Chinese Journal of Space Science, 1999, 19(4): 334-341.

[5] GUNGLE R L, BROSIER W S, LEONARD H W. An
Experimental Technique for the Investigation of Tipoff
Associated with Stage Separation of Multistage Rocket
Vehicles]R]. NASATND-1030, 1962.

(6]  XUSC—, WfF, ¥k, BRSPS R AR G b

KBLEAOKT 125t e A [ R i B, 2017,
205(5): 47-49.
LIU Wen-yi, YANG Chun, YANG Pei-yuan. Mechanical
Property Evaluation of Solid Rocket Motor Case of Steel
Material and Composite Material under Water[J]. Aero-
space Manufacturing Technology, 2017, 205(5): 47-49.

[71 DECASTROL N, VON ZUBEN F J. The Clona Selec-
tion Algorithm with Engineering Applications[C]// Pro-
ceedings of GECCO'00, Workshop on Artificial Immune
Systems and Their Applications. Las Vegas, USA, 2000.

[8] KECHRIOTISG I, MANOLAKOSE S. Hopfield Neura
Network Implementation of Tile Optimal CDMA Multi-
user Detector[J]. |IEEE Transactions on Neural Net-
works(S1045-9227), 1996, 7(1): 131-141.

(9]  XUSC—, MBIE. HRATER A PRHHEE I 45 Fa At

B e R BT (3. A T 85 TR, 2016, 36(2):

110-113.

LIU Wen-yi, JJAO Ji-guang. Stability Analysis of a Air-

craft's Thin-walled Reinforced Composite Material

Cabin[J]. Ship Electronic Engineering, 2016, 36(2):

110-113.

BRI, A E, 20 BB R A R AR PR I 1

PERFFSE[T]. 445 P05 T2, 2014, 11(1): 86-92.

(10]



F17E E£3W

TR RS KR L AT AR G E] S B R AT 5T - 113 -

(11]

[12]

(13]

(14]

[15]

NIU Yue-ting, MU Xi-hui, JIANG Zhi-bao. Research on
Environmental Adaptability of a Guided Rocket[J].
Equipment Environmental Engineering, 2014, 11(1):
86-92.

XNSC—, BRI, Ak SR 25 $de VR 53 B
[J]. BEAFREE T2, 2016, 13(2): 130-131.

LIU Wen-yi, JAO Ji-guang. Numerical Analysis on the
Thermal Safety of Solid Rocket Motor Propellant[J].
Equipment Environmental Engineering, 2016, 13(2):
130-131.

RO, PhVEESE, BRIRSC, S5, KN ) B M Bof
PRI SHOR R[], AP T2, 2015, 12(3): 8-14.
ZHAO Bao-ping, SUN Jian-liang, CAIl Jun-wen, et a.
Recent Development and Prospect of Astrodynamic En-
vironmental Technology[J]. Equipment Environmental
Engineering, 2015, 12(3): 8-14.

2552, CHLIRBERRHEIE I e BER A R SR
[J]. 45 FR4E T2, 2008, 5(6): 60-64.

Ll Yao. Analysis and Confirmation Techniques for Re-
quirements of Temperature Environmental Worthiness of
Aircraft [J. Equipment Environmental Engineering,
2008, 5(6): 60-64.

XSC—, ZEE e, R ETHAaKHEI R AT
KT AR INEA I S AR s R,
2019, 336(1): 20-23.

LIU Wen-yi, LI Yu-long, WU Xun-tao. Calculation
method of Underwater Load of Aircraft Based on Distrib-
uted Hydrodynamic Pressure[J]. Missiles and Space Ve-
hicles, 2019, 336(1): 20-23.

XUTE g, BAERA, W, T e SRR AR A PR R A 3
PERRBFFE[). e 58 T/, 2016, 13(2): 35-36.

LIU Zhang-long, ZHAO Xu-cheng, HU Tao. Adaptive
Technology of Support Equipment Based on Plateau En-

(16]

(17]

(18]

(19]

(20]

[21]

[22]

(23]

vironment[J]. Equipment Environment
2016, 2016, 13(2): 35-36.

SENOCAK I, SHYY W. A Pressure-based Method for
Turbulent Cavitating Flow Computations[J]. Journa of
Computational Physics, 2002, 176(2): 363-383.
EDWARDS J R, LIOU M S. Simulation of Two-phase
Flows Using Low-diffusion Shock-capturing
Schemeg[C]// 44th AIAA Aerospace Sciences Meeting
and Exhibit. Reno, Nevada, 2006.

LEE C, BYUN D. Cavitation Flow Analysis of Axisym-
metric Bodies Moving in the Water[J]. ICCSA LNCS,
2006, 3984: 537-545.

CHEN Y, LU C J, GUO JH. Modeling and Simulation of
Cavitating Flow over Underwater Vehicle with Large An-
gle of Attack [J. Journal of Ship Mechanics, 2010,
14(12): 1319-1330.

ZEIRIE. LT L-M AR UUV RS0 ] SEEEAl R
FLJ. B, 2015, 42(5): 32-33.

LI Qiang-bing. Comprehensive Evaluation of System Re-
liability and Application of a Certain UUV Based on
L-M[J]. Machinery, 2015, 42(5): 32-33.

BEN, AGE, PIREE. K VKEE R KA BOSUR
AR FEBIT VKL R[], AR, 2017, 2(5): 37-45.

LI Yu-jie, SHI Yan-ging, LUO Zhen-bing. An Experi-
mental Investigation on the Process of Droplet Ic-
ing/Forsting and Anti-frosting /Anti-icing Using Dua
Synthetic Jet[J]. Physics of Gases, 2017, 2(5): 37-45.
HAYASHI Y, AOKI A, ADACHI S, et a. Study of Frost
Properties Correlating with Frost Formation Types[J].
Heat Transfer, 1997(99): 239-245.

FEUILLEBOIS A, LASEK A, CREISMEAS P, ¢ a.
Freezing of a Subcooled Liquid Droplet[J]. Colloid Sci,
1995(169): 90-102.

Engineering,



